Introduction
In many countries solar radiation is widely used as an alternative source of energy, the so-called solar energy [1] [2] [3] [4] . The main characteristic to identify opportunities for the development of solar energy is the measure of the solar energy amount falling on the surface of the solar absorber, tilted at a certain angle. On this basis, taking into account physical characteristics of the solar absorber is determined by the possible specific annual energy production of the solar installation. This figure is the starting point for determining the technical potential of solar energy production in a particular area and determines the application and effectiveness of solar energy development in specific areas. The main limitations associated with the use of solar energy due to its impermanence are that solar installations do not work at night and are ineffective in cloudy weather. For regions in the northern latitudes, which are the analyzed areas, they are important seasonal differences in day length.
Method
As the main method of the power potential assessment of solar power engineering technologies (technique) a geostatistical analysis and geographic information system (GIS) are applied to various territories in the world [5, 6] .
As statistical base of the calculations these geostatistical analysis and GIS are received by the scientists from the Perm State National Research University for the territory of Perm city and the table of insolations of the various territories of Russia [7, 8] . Also, as the initial base for calculations, other methods of modern authors were taken [9] [10] [11] [12] . The calculation technique presented in the report, which is used for the assessment of the regional climate change features of willows regions of Russia and Belarus, was prepared in 2007 by the scientists of the main geophysical observatory named after Voyeykov [10] .
For the comparison, there were chosen some cities of the South of Russia, some of the central part and some northern located and the territories approaching them. We will remind that the Arctic Circle is in 66°33'44'' (66.5622°) to the north from the equator, so the part of the territories of the analyzed regions, including Perm Region, are near the Arctic Circle. Range of the cities taken into the research from the south to the north, is given in tab.1.
For the definition of the territory development possibility in solar power the engineering criteria of Veynberg were used [13, 14] . According to Veynberg criteria, solar radiation can be considered technically accepted when its intensity (S) reaches 0.42 kW/m 2 . Respectively, complying with this size, the power capacity of the territory is considered sufficient for the development of solar power engineering. The cases of the excess of these indicators point to the existence of power security of these territories, and their smaller values -to the lack of the power security of certain territories.
For the determination of the power capacity of the territory, from the point of view of the development opportunities of solar power engineering, the data obtained by the scientists from the Perm State National Research University, who conducted the research of the solar radiation streams on the territory of Perm, research of other cities in the Perm Region for a number of years, were used, too. Figure 1 presents the location of these cities on geographical map of Russian Federation. Within the performance of the government contractual work, the task of studying the question of technical use possibility of solar energy was set for the authors in the regions of their residence -cities of Perm and Yekaterinburg. Therefore, the materials and calculations presented in the article are limited by these two regions of the Russian Federation only.
Experimental results and discussion
The Sverdlovsk Region and especially the Perm Region are the areas with the hilly terrain and on the territory of the Perm Region. There is a significant part of the Ural Mountains situated.
Calculations of the total solar radiation falling on the inclined surfaces are made with the use of the hour sums of the straight line disseminated and the reflected radiation falling on the horizontal surface under the average conditions of overcast, considering anisotropism of the distribution of scattered radiation.
To this purpose, the model developed by Hay, considering the main feature of the angular distribution of scattered radiation -a maximum of its intensity in a circumsolar zone, is used in this research [16] . Quantitatively, it is very difficult to define borders of the isotropic approach admissibility for the reflected radiation, therefore in calculating the total radiation, falling on the solar-receivers focused to the south share of the reflected radiation in this model is defined approximately in the assumption of the isotropy of its distribution. Total daily incidence of radiation on an inclined surface in this case is represented by the following expression:
The direct radiation incidence on an inclined surface of S a is defined by the direct radiation on a perpendicular surface of S^in the relation:
On the basis of the year supervision of the sunshine duration in the territory of the analyzed regions, an annual incidence on the direct solar radiation on a horizontal surface in the clear sky, at overcast, the annual sum of the scattered radiation in the clear sky and overcast, the data allowing to estimate the power capacity of Perm and Yekaterinburg, from the point of view of the solar power engineering development, were obtained (tab.2). The dynamics of the annual direct solar radiation incidence on a horizontal surface in the clear sky in Perm and Yekaterinburg is given in fig. 1 . As the given analysis showed, in Perm the annual duration of the sunshine averages in a year are about 1770 hours, and the period with positive radiation balance makes 8 months. Transition of radiation balance from the negative value to the positive one takes place in March, and the return change is noticed in October. The annual incidence of direct solar radiation on the horizontal surface in the clear sky (i. The maximum of the possible monthly sums of the total radiation fall in June -904 MJ/m 2 , and a minimum in December -53 MJ/m 2 . In Perm, in summertime, in connection with a big time lag of the light day, the number of the sunshine hours increases till 10 a.m. From May to August, only 1-3 days a month without the sun are observed. In December, under the conditions of the shortest day, the duration of the sunshine does not exceed 30 hours, and the longest daily duration of the sunshine makes only 2.4-2.9 hours. During this period 21-23 days a month can be without the sun.
In city of Yekaterinburg, the annual duration of the sunshine averages in a year about 2010 hours, and the period with positive radiation balance makes 9 months. The annual arrival of the direct solar radiation on the horizontal surface in the clear sky makes 4560 MJ/m 2 . In the annual course the maximum of the possible monthly sums of direct radiation on the horizontal surface falls in June -645 MJ/m 2 , and the minimum in December -101 MJ/m 2 . In Yekaterinburg, in summertime, in connection with the long duration of light day, the number of the sunshine hours increases till 10 a. m. The minimum number of days without the sun is observed from April to September. In December, under the conditions of the shortest day, the duration of the sunshine does not exceed 30 hours, and the longest daily duration of light day makes only 6 hours 45 minutes. During this period 20-22 days a month can be without the sun.
In calculating the power potential of solar power engineering the actual insolation, which is defined on the basis of the supervision, has a major importance. The actual insolation on a given site of a surface depends on the width of the district and the season, on its orientation concerning the South, the corner to the horizon, the building configuration around, trees, the ambient temperature. The main is the width of the district which is defined by the zones and seasonality of the distribution of solar radiation. On the equator the hade of the sunshine on a terrestrial surface is maximal, and to the poles its continuous reduction is observed. Since between the angle of the sunshine incidence and the quantity of solar radiation there is an accurate dependence, from the equator to the poles the size of solar radiation decreases, so do the solar power engineering potential and solar collectors efficiency. Both estimated territories are located close to the polar circle and therefore, have much lower insolation than the southern regions of Russia.
As the research results show, in Yekaterinburg, the size of the technical acceptability of the solar radiation by Veynberg's criteria is sufficient for the development of solar power engineering (even in December its size makes 0.44 kW/m 2 , at limit of the intensity of 0.42 kW/ m 2 ), and in the Perm Region it is much less -0.21 kW/m 2 . Further comes the comparative analysis the city of Perm (Perm Region) and Yekaterinburg (Sverdlovsk Region) with other cities of Russia, selected for the current analysis ( fig. 2) . The given comparison was carried out by three main following criteria: -the rate of the average annual amount of solar radiation per unit of horizontal surface with respect to the climate conditions (frequency and strength of the clouds), -the month low rate of solar radiation per unit of horizontal surface with respect to the climate conditions (frequency and strength of the clouds), and -the indicator of a monthly maximum of sunlight on unit of a horizontal surface taking into account the climate conditions (frequency and force of overcast). Intermediate calculations of the values of these criteria are given in Appendix (tab. A1-A3) [15] . As can be seen in tab. A1-A3 [15] among the analyzed major Russian cities the situation with the amount of the solar radiation throughout the year, by month and in total for the year, is not the same. Thus, the city of Vladivostok, ranking 1 and 3 in terms of the average annual and month amount a low solar radiation per unit of the horizontal surface with respect to climate conditions (frequency and strength of cloudiness) significantly legs behind other cities analyzed for the indicators month high solar radiation, taking into account climate conditions. This is because the gap in the intensity of the solar radiation between months throughout the year in this region is the smallest of all analyzed: the difference in the maximum and minimum amount of the solar energy throughout the year is only 59%, while in Arkhangelsk -99.3% (4 MJ/m 2 or 1.1 kWh/m 2 in December and 575 MJ/m 2 or 159.7 kWh/m 2 in June). The results of the study (tab. 3) revealed that for these areas, the inflow of direct solar radiation is insufficient for its technological use for a longer time of year, especially in the winter months. For Perm the period of effective use of solar energy resources is only May-August, whereas for Yekaterinburg, it is April-September. 
Conclusions
This study focused on an assessment of potential of solar radiation of the Russian regions for development of the solar power. The question of possibility of industrial use of the solar energy for electricity generation and heat in the large cities of Russia was raised. In the course of research the following conclusions were revealed. · Some cities of Russia located in the central and northern territories such as Chita, Perm, Omsk and others, have high rating estimates on intensity of sunlight in summer months. It creates illusion of possibility of development of solar power in these regions.
· • An assessment of the general potential of receipt of solar radiation in a year, total solar radiation in these regions and their fluctuations on months within a year allowed to draw a conclusion that industrial use of solar energy for electricity generation and heat in these cities of Russia inefficiently. This work is part of a larger research program devoted to studying of possibility of using solar activity in Russia. 
